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Role of 8 integrin in mesangial cell adhesion, migration, and are known to date, which combine to form 24 integrin
proliferation. receptors. Most receptors recognize more than one ligand,
Background. Extracellular matrix receptors of the integrin and each ligand is capable of binding several integrins,
family are known to regulate cell adhesion, migration, and which leads to a wide variety of possible interactions.
proliferation. The8 integrin chain is expressed in the glomeru-
Many 1 and 3 integrins are receptors for extracellularlus exclusively by mesangial cells. The contribution of 8 to
matrix molecules mediating signals, which regulate cellmesangial cell function, however, has not yet been studied.
adhesion, migration, and proliferation. Inhibition of in-Methods. Mesangial cells from wild-type and 8-deficient
mice were isolated and characterized. Integrin expression was tegrin activity generally leads to detachment of adhesion-
assessed by real-time polymerase chain reaction (PCR), West- dependent cells. In these cells, attachment to extracellu-
ern blot, or fluorescence-activated cell sorter (FACS) analysis. lar matrix molecules is a prerequisite for migration and
Cell adhesion was determined by conventional attachment proliferation [1]. The contribution of integrins to cell
assay and a centrifugal assay for cell adhesion. Cell migration
migration and proliferation has been the subject of manywas determined by a fluorescence-based transmigration assay
studies in the past few years. Integrins involved in theand a chemotaxis assay. Proliferation rates were determined
migration of different cell types include 11, 21,by BrdU and [3H]-thymidine assays.
Results. On the 8 ligands fibronectin and vitronectin, but 51 or v3 [2–4]. Some integrins, such as 51 and
not on collagens, attachment of8-deficient mesangial cells was v3, are known to promote adhesion-dependent cell
reduced compared to wild-type cells. In contrast, 8-deficient proliferation via the mitogen-activated protein kinase
mesangial cells migrated more easily and displayed an in- (MAPK) pathway, while others do not [5].
creased proliferative response on fibronectin or vitronectin,
81 integrin is a receptor for fibronectin, vitronectin,but not on collagens, compared to wild-type cells. These effects
tenascin-C fragments, osteopontin, and nephronectin,were not due to an up-regulation of the fibronectin or vitronec-
but not for collagens [6–9]. It was shown to promotetin receptors 5 or v in 8-deficient mesangial cells, as the
cell surface expression of integrins 5 and v was comparable attachment of K562 cells [6] on fibronectin. However,
in wild-type and 8-deficient mesangial cells. its contribution to cell migration or proliferation is pres-
Conclusion. These findings confirm a role for 8 integrin in ently unknown. In the kidney, the 8 integrin chain is
the regulation of the mesangial cell phenotype. 8 integrin expressed on vascular smooth muscle cells and on mesan-
seems to promote adhesion, but inhibit migration and prolifera- gial cells of the glomerulus [10]. During the DOCA-salttion of mesangial cells. Thus, the data support the hypothesis
model of glomerular hypertension imposing mechanicalthat 8 integrin could play an important role for maintaining
stress on the glomerulus, mesangial 8 was up-regulated.tissue integrity in the glomerulus during glomerular injury.
Lack of 8 led to more severe glomerular lesions in
this experimental disease model, suggesting that 8 is
important in maintaining the integrity of the glomerularReceptors of the integrin family mediate cell-cell or cell-
capillary tuft [11]. The way that 8 preserves tissue integ-matrix interactions. Integrins are heterodimers consisting
rity is not yet understood. Therefore, we investigatedof an  and a  subunit. At least 18 - and 8 -chains
the role of 8 for mesangial cell attachment, migration,
and proliferation.
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Basel, Switzerland) by the sieving method, as described Adhesion assays
previously [12], using 63, 75, and 38m grid sieves. Renal Two different types of adhesion assays were applied:
development in mice with a homozygous deletion of the (1) a conventional attachment assay based on the deter-
8 gene is disturbed, leading to unilateral or bilateral mination of the number of adherent cells by measuring
agenesis. As a consequence, a considerable number of the activity of the lysosomal enzyme hexosaminidase, as
newborn 8-deficient mice die perinatally [13]. Most sur- described by Gauer et al [14]; and (2) the centrifugal
viving 8-deficient mice have a kidney mass reduction assay for fluorescence-based cell adhesion (CAFCA),
of about 50%, without showing any gross alterations in which is based on two mechanisms, synchronized cell
glomerular structure. Glomeruli of these mice could be matrix contact by the first step, and removal of non- or
isolated with the same sieving protocol as wild-type mice. weakly adhered cells by the second reverse centrifugal
In the first two passages many 8-deficient mesangial step. The assay was performed as described [15–17]. In
cells were lost because they had a reduced ability to brief, trypsinized mesangial cells were washed and la-
adhere. From the third passage onward, this was not the beled with vital fluorochrome calcein AM (Molecular
case, and cultivation of these cells became comparable Probes, Inc., Eugene, OR, USA) for 5 to 10 minutes at
to the cultivation of wild-type mesangial cells. Cultured 37C. Labeled cells were washed again with FCS-free
mesangial cells showed a typical vascular smooth muscle– medium and seeded into the bottom unit of CAFCA
like morphology, positive immunostaining for smooth mus- miniplates (Tecan Group, Grodig, Austria) at a density
cle -actin, and negative staining for markers of other of 1  106 cells/mL in medium containing 2% ink (Peli-
cell types. Wild-type mesangial cells were also positive kan; Milano, Italy) to quench fluorescence. The mini-
for 8 integrin, while mesangial cells from 8-deficient plates were then placed in plastic holders (CAFCA;
mice were negative for 8. By electron microscopy, Tecan Group) and centrifuged at 142  g for 5 minutes.
phagocytotic inclusion bodies were detected in the cyto- After a 20-minute incubation time and allowing cells
plasm of mesangial cells. Mesangial cells were grown to develop cell-matrix interactions, a top unit with an
in Dulbecco‘s modified Eagle’s medium (DMEM; PAA adhesive surface, filled with medium containing 2% ink,
Laboratories GmbH, Linz, Austria) containing 10% fe- is fixed to the bottom unit. After a second reverse centrif-
tal calf serum (FCS), 5g/mL insulin, 5g/mL plasmocin ugation step at 46  g for 5 minutes, the relation of
(TEBU, Frankfurt, Germany), and 2 m L-glutamine bound (cells remaining in the bottom unit) to unbound
(Sigma, Deisenhofen, Germany) in a 95% air-5% CO2 cells (cells located in the top unit) were measured by top/
humified atmosphere at 37C. Mesangial cells were used bottom fluorescence detection in a computer-interfaced
for experiments in passages 5–15. Before seeding of mes- SPECTRAFluor microplate fluorometer (Tecan Group)
angial cells for experiments, test plates were coated with and calculated with CAFCA software (Tecan Group).
the matrix proteins in concentrations from 0.2 to 40
Migration assaysg/mL at 4C overnight and blocked with 2% bovine
serum albumin (BSA) at 37C for 1 hour. Two types of migration assays were performed: (1) A
transmigration assay was applied as recently described
FACS analyses [18]. FluoroBlok Inserts (Falcon HTS; Becton Dickin-
A single cell suspension was prepared by trypsination. son, Heidelberg, Germany), containing a proprietary
An aliquot was used for trypan blue staining to identify light-opaque polyethylene terephthalate (PET) mem-
the fraction of dead cells. In all aliquots tested the frac- brane to absorb visible light within 490 and 700 nm
tion of dead cells was below 5% and did not differ be- range with 8 m pores were coated with different matrix
tween 8-deficient and wild-type cells. After centrifuga- proteins, including fibronectin (20 g/mL), vitronectin
tion, cells were resuspended to 2  106 cells/mL with (10 g/mL), collagen type I (20 g/mL), and collagen
staining buffer [5% FCS, 0.02% azide in phosphate-buf- type III (20 g/mL), and saturated in FCS-free medium
fered saline (PBS)]. Cell suspension was aliquoted in containing 1% BSA. Trypsinized mesangial cells were
500 L per sample. The samples were incubated with 1 washed twice, labeled with 50 g/mL DiI (Molecular
to 2 g/mL of antibody against v (Santa Cruz Biotech- Probes, Leiden, The Netherlands), a vital lipophilic car-
nology, Heidelberg, Germany) or 5 integrin (Quartett, bocyanine, for 10 minutes at 37C, and put into inserts
Berlin, Germany) for 30 minutes on ice. Mesangial cells with a volume of 150 L at a density of 1  106 cells/mL.
were then washed twice in staining buffer, incubated The inserts were then incubated in 24 Multiwell plates
with 2 g/mL fluroscein isothiocyanate (FITC)-conju- (Becton Dickinson, Heidelberg, Germany), each well
gated secondary antibody for 30 minutes on ice. After filled with 700 L medium containing 0.1% BSA, for
washing, labeled cells were analyzed with a Beckman several hours. Measurements were performed within 0
Coulter Epics XL cytometer and System II software (starting point) and 48 hours of incubation to observe
transmigration. Transmigrated mesangial cells were de-(Beckman Coulter, Krefeld, Germany).
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tected with SPECTRAFluor fluorometer (Tecan); and ase chain reaction (RT-PCR) using the TaqMan PCR
system (Applied Biosystems, Weiterstadt, Germany)(2) a chemotaxis assay was applied to investigate the
chemotactic behavior of mesangial cells using a 48-well and using 18S RNA as a reference and cyber green as
staining reagent. Primers were selected for mouse 2:microwell modified Boyden chamber. The test wells were
seeded with 0.5 Mio cells/mL. The method was per- forward primer: 5 TGA-CCA-GGT-TCT-GCA-GGA-
TAG-A 3 and reverse primer 5 AGT-AGA-AAT-formed as described by Li et al [19].
TGC-AGC-CAC-AGA-GTA-AC 3. Real-time PCR
Determination of cell proliferation was carried out and relative mRNA levels were calcu-
lated according to the supplier’s protocols.Cell proliferation was estimated according to two dif-
ferent protocols: (1) For measurement of [3H] thymidine
Expression of 8 integrin cDNA in 293 humanuptake, mesangial cells were serum-starved for 72 hours
embryonic kidney (HEK) cellsin medium containing 0.1% FCS, seeded into matrix-
coated 96-well plates, and stimulated with 2% FCS for Full-length 8 cDNA was cloned into the expression
vector pcDNA3.1/Neo. To obtain a deletion in the48 hours. [3H] thymidine uptake was determined as
described before [20]; and (2) a 5-bromo-2’-deoxy-uri- cytoplasmic domain of the 8 integrin chain, a 65 base
pair (bp) fragment at the 3 end of the 8 cDNA was re-dine (BrdU) incorporation assay into cellular DNA was
performed using a BrdU Labeling and Detection Kit moved by an ExoIII/Mung Bean Deletion Kit (Stratagene,
Amsterdam, The Netherlands) according to the suppliers’(#1299964; Roche, Mannheim, Germany). Mesangial
cells were washed two times with PBS and serum-starved protocol. The resulting fragment was sequenced, 293 HEK
cells were transfected with Lipotaxi (Stratagene), andfor 72 hours in medium containing 0.1% FCS. After
trypsinating and washing they were seeded into culture neomycin-resistant pools were subcloned. Western blot
and FACS analyses were performed to confirm compara-slides (Falcon) which had been coated with matrix pro-
teins and blocked with 2% BSA. After a 3-hour resting ble expression of the full-length and truncated 8 integ-
period for mesangial cells to attach to the matrix, mesan- rin chains.
gial cells were incubated with medium containing 2%
FCS and BrdU for 48 hours at 37C. Mesangial cells
RESULTSwere then fixed with 70% ethanol (50 m glycine buffer;
Wild-type and8-deficient mouse mesangial cells werepH 2.0) and processed following the manufacturer’s in-
tested for cell surface expression of5 andv integrins tostructions. Incorporated BrdU was detected by an alka-
rule out any compensatory induction of these integrins.line phosphatase–conjugated secondary antibody reacting
51 is the main fibronectin receptor, while v integrinswith an NBT/X-phosphate substrate. Nuclei with a posi-
are vitronectin receptors. Furthermore, 5 and v aretive staining for BrdU were counted in a Leitz Aristoplan
known to promote cell proliferation. Different expres-microscope (Leica Instruments, Nußloch, Germany).
sion levels of 5 or v in wild-type and 8-deficient
Western blot analysis and real-time PCR mesangial cells could, therefore, conceal 8-dependent
effects. As assessed by FACS analysis, both cell typesProtein concentration of cell lysates was determined
express 5 and v integrins on their cell surface, theusing a protein assay kit (Pierce, Rockford, IL). Protein
degree of expression being comparable between wild-samples containing 30 g total protein were denatured
type and 8-deficient mesangial cells (Fig. 1).by boiling for five minutes and separated on an 8%
Using the conventional attachment assay, differencesdenaturing sodium dodecyl sulfate-polyacrylamide gel
in adhesion of wild-type and 8-deficient mesangial cellselectrophoresis (SDS-PAGE) gel. After electrophoresis,
were detected. Significantly less 8-deficient than wild-the gels were electroblotted onto polyvinylidine difluor-
type mesangial cells adhered to fibronectin or vitronectinide (PVDF) membranes (Pall Filtron, Karlstein, Ger-
in coating concentrations between 0.5 to 2 g/mL (Fig.many), blocked with 5% horse serum/Tris-buffered sa-
2 A and B). In contrast, even more 8-deficient thanline (TBS)/0.1% Tween 20 overnight, and incubated with
wild-type mesangial cells adhered to collagens I or III,the 2 integrin antibody (BD Biosciences, Heidelberg,
which are not ligands for 8 (Fig. 2 C and D). TheseGermany) for 2 hours. Immunoreactivity was visualized
findings could be confirmed by the CAFCA assay (Fig.with a secondary horseradish peroxidase–conjugated
3). Fewer 8-deficient mesangial cells adhered to fibro-anti-armenian hamster immunoglobulin G (IgG) anti-
nectin or vitronectin (coating concentration 0.6 g/mLbody, using the enhanced chemiluminescence (ECL) sys-
each), but more to collagen III (10 g/mL) as comparedtem according to the manufacturer’s instructions (Amer-
to wild-type cells. In addition, adhesion of 8-deficientsham, Braunschweig, Germany). To evaluate mRNA
and wild-type mesangial cells on osteopontin and throm-expression levels of 2, RNA was isolated from wild-
bospondin was compared. Adhesion of 8-deficient mes-type and 8-deficient mesangial cells as described [20].
mRNA levels of 2 were detected by real-time polymer- angial cells to osteopontin (12.5 g/mL), a ligand for
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Fig. 1. FACS analyses of 5 and v integrin
cell surface expression in wild-type and 8-
deficient mesangial cells. Fluorescence inten-
sity of 5 or v is not different in wild-type
and 8-deficient cells (8/), arguing for
comparable expression levels of these integ-
rins in both cell types. Staining with pre-
immune rabbit immunoglobulin G (IgG)
served as the control.
Fig. 2. Comparison of wild-type (WT) and
8-deficient (8/) mesangial cell attach-
ment on different coating concentrations. (A )
Fibronectin. (B ) Vitronectin. (C ) Collagen
type I. (D ) Collagen type III. A conventional
attachment assay using hexosaminidase re-
agent was performed. Fewer 8-deficient than
wild-type mesangial cells adhered to fibro-
nectin or vitronectin on coating concentra-
tions between 0.5 and 2.5 g/mL. In contrast,
more 8-deficient than wild-type mesangial
cells adhered to collagens.
8, was also reduced. Neither 8-deficient nor wild-type cells to migrate was compared via a fluorescence-based
transmigration assay (FATIMA). On collagens I and IIImesagial cells adhered to thrombospondin (10 g/mL),
which is not a ligand for 8 (Fig. 3). neither 8-deficient nor wild-type mesangial cells mi-
grated considerably during the time period investigatedTo investigate the cause for the increased adhesive
properties of 8-deficient mesangial cells on collagens, (Fig. 5). On fibronectin or vitronectin, migration of wild-
type and 8-deficient mesangial cells was induced afterwe compared expression of collagen receptors in wild-
type and 8-deficient mesangial cells. In 8-deficient 4 hours, reaching statistical significance at the 18-hour
time point. Significantly more 8-deficient than wild-mesangial cells mRNA and protein expression of the 2
integrin chain was increased as compared to wild-type type mesangial cells had transmigrated after 18 hours
(Fig. 5). Similar findings were obtained in a Boydenmesangial cells (Fig. 4), while differences in 1 expres-
sion were not detected. chamber chemotaxis assay. No migration was observed
after 5 hours in response to collagens I and III, while cellsThe ability of 8-deficient and wild-type mesangial
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Fig. 3. Comparison of wild-type (WT) and 8-deficient (8/) mes-
Fig. 4. Detection of the 2 integrin chain in wild-type and 8-deficientangial cell attachment on fibronectin, vitronectin, collagen type III,
(8/) mesangial cells by real-time polymerase chain reaction (PCR)osteopontin, and thrombospondin by CAFCA assay. Bovine serum
(A ) and Western blot analysis (B ). (A) mRNA expression of 2 wasalbumin was used as control. Adhesion of 8-deficient mesangial cells
significantly higher in 8-deficient mesangial cells compared to wild-was weaker on the 8 ligands fibronectin, vitronectin, and osteopontin,
type mesangial cells. *P	 0.05. (B) Protein expression of 2 was higherbut stronger on collagen III compared to wild-type mesangial cells. None
in 8-deficient mesangial cells compared to wild-type cells.of the cell types adhered to thrombospondin. *P	 0.001 8-deficient vs.
wild-type mesangial cells.
that the observed differences in the proliferative re-
sponse are indeed due to differences in 8 expression.migrated to fibronectin or vitronectin (Fig. 6). Again,
significantly more 8-deficient than wild-type mesangial To investigate the role of 8 integrin not only in cells
cells migrated to these matrices (Fig. 6). underexpressing 8 but also in cells overexpressing 8,
For [3H] thymidine incorporation assays, fibronectin we transfected 293 HEK cells with a full-length 8 ex-
and vitronectin coating concentrations of 10 g/mL were pression vector. As a control, other 293 HEK cells were
used, as attachment assays had revealed comparable ad- transfected with an 8 construct with a deletion in its
hesion efficacy of 8-deficient and wild-type mesangial cytoplasmic domain conserving the regulatory GFFKR
cells at this coating concentration (Fig. 2 A and B). Colla- site. Untransfected 293 HEK cells do not express 8
gens I and III were used for coating at 30 g/mL. The integrin. Cells expressing the full-length 8 displayed
basal proliferation of synchronized 8-deficient and a much smaller FCS-induced proliferative response on
wild-type mesangial cells (FCS 0.01%) was comparable fibronectin than untransfected cells (Fig. 9). Expression
between the two cell types. The proliferative response of the truncated8, which is unable to form a cytoplasmic
of 8-deficient mesangial cells, however, was much more integrin signaling complex, resulted in a nearly threefold
pronounced than the response of wild-type cells on fi- stronger proliferative response compared to cells ex-
bronectin or vitronectin (Fig. 7 A and B). On collagens, pressing full-length 8 (Fig. 9). Adhesion of the cells
in contrast, the proliferative response of wild-type and was not different on fibonectin in the coating concentra-
8-deficient mesangial cells was not different (Fig. 7C). tion we used (10 g/mL).
These findings were confirmed by BrdU incorporation
assays. After induction of proliferation by 2% FCS, sig-
DISCUSSIONnificantly more 8-deficient than wild-type mesangial
The results of the present study support the hypothesiscells were BrdU-positive when seeded on fibronectin or
that 8 is involved in the regulation of mesangial cellvitronectin (Fig. 8). On collagen III, however, the
adhesion, migration, and proliferation. 8-deficient mes-amount of BrdU-positive cells did not differ in wild-type
angial cells adhered weaker to fibronectin, which is abun-and 8-deficient mesangial cells (Fig. 8). Differences in
dant in the normal mesangial matrix, or to vitronectin,cell proliferation could be due to different expression
which is commonly present in diseased glomeruli. Inlevels of integrins other than 8. Possible candidates are
contrast, 8-deficient mesangial cells migrated more eas-5 and v, which are both implicated in cell cycle regula-
ily on fibronectin or vitronectin than wild-type cells.tory pathways. However, our FACS analyses showed a
Further, 8-deficient mesangial cells displayed a morecomparable cell surface expression of 5 and v in wild-
type and 8-deficient mesangial cells (Fig. 1), indicating pronounced proliferative response on fibronectin or
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Fig. 5. Comparison of wild-type (WT) and
8-deficient (8/) mesangial cell migra-
tion by FATIMA transmigration assay. (A )
Fibronectin. (B ) Vitronectin. (C ) Collagen
type I. (D ) Collagen type III. On fibronectin
and vitronectin, more 8-deficient mesangial
cells transmigrated than wild-type mesangial
cells, while on collagens, neither wild-type nor
8-deficient mesangial cells migrated.
lagens and laminin on mesangial cells are 11, 21,
and 31. The mesangial integrin receptors for fibronec-
tin are51 and for vitronectin are v3 orv5 [21, 22].
Our data argues for a contribution of 81 to mesangial
cell adhesion to fibronectin and vitronectin. The de-
creased ability of 8-deficient mesangial cells to adhere
to fibronectin or vitronectin was not due to an altered
expression pattern of the principal receptors for fibro-
nectin or vitronectin, the integrin chains 5 or v, respec-
tively. Adhesion to collagen I and III, in contrast, was
even increased in 8-deficient mesangial cells compared
to wild-type cells, demonstrating matrix-specific effects
on adhesion in our cell isolates. Increased adhesion of
8-deficient mesangial cells to collagens seems to be
mediated by the collagen receptor integrin chain 2,
which was found to be up-regulated in comparison to
wild-type mesangial cells. This could be a compensatingFig. 6. Comparison of wild-type (WT) and 8-deficient (8/) mes-
mechanism for the lack of 8 in these cells. Accordingangial cell chemotaxis on fibronectin, vitronectin, collagen type I, and
collagen type III by a modified Boyden chamber chemotaxis assay. More to our results, 81 may well be a mediator of firm
8-deficient mesangial cells migrated toward fibronectin and vitronectin adhesion of mesangial cells to the fibronectin in its sur-than wild-type mesangial cells, while collagens did not induce migration
rounding matrix in vivo and thus serve as a structuralof wild-type or 8-deficient mesangial cells. *P 	 0.001 8-deficient vs.
wild type mesangial cells. support of glomerular tissue integrity.
Adhesion of cells to extracellular matrix via integrins
is necessary to enable migration. Migration of mesangial
vitronectin compared to wild-type mesangial cells. Taken cells is a typical feature of remodeling processes during
together, 8 could serve to facilitate attachment of mes- glomerular injury [23, 24]. Until today, only a few integ-
angial cells on fibronectin and vitronectin but inhibit rins have been assayed regarding their ability to influence
mesangial cell migration on these matrices. Proliferation mesangial cell migration. Kagami et al [3] showed that
of mesangial cells on fibronectin and vitronectin seems 11 integrin could promote mesangial cell migration,
to be negatively regulated by 8. as antibodies to 11 inhibited their motility. In general,
In the glomerular mesangium, several integrins can most integrins investigated revealed promigratory prop-
erties. For example, v3 mediated endothelial cell mo-mediate cell adhesion. Most abundant receptors for col-
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Fig. 7. Cell proliferation of wild-type and 8-deficient mesangial cells, as assessed by [3H] thymidine incorporation assays. Upon stimulation,
8-deficient mesangial cells showed a significantly stronger proliferative response on fibronectin (A) or vitronectin (B) than wild-type cells. (C )
On collagens, no differences in proliferation were observed between stimulated wild-type and 8-deficient mesangial cells *P 	 0.001 8-deficient
vs. wild-type mesangial cells.
Fig. 8. Cell proliferation of wild type and 8-deficient mesangial cells,
as assessed by BrdU incorporation assays. Proliferation of stimulated
Fig. 9. Cell proliferation of untransfected 293 HEK cells, 293 HEK8-deficient mesangial cells was more pronounced on fibronectin or
cells expressing full-length 8 (HEK/FL), and 293 HEK cells expressingvitronectin than the proliferation of stimulated wild-type cells. On colla-
8 with a cytoplasmic deletion (HEK/TR). Proliferation of HEK/FLgen III, no differences in proliferation were observed between stimu-
was low compared to untransfected 293 HEK cells. In contrast, HEK/TRlated wild-type and 8-deficient mesangial cells. *P	 0.001 8-deficient
proliferated significantly more in response to fetal calf serum (FCS)vs. wild-type mesangial cells.
than HEK/FL. *P 	 0.001 HEK/TR vs. HEK/FL.
of 8 on cell behavior thus seems to be dependent ontility during angiogenesis [25], 51 was involved in
shear stress-induced endothelial cell migration [2], and the cell type.
Proliferation of mesangial cells is a hallmark of many11 and 21 supported haptotaxis of endothelial cells
toward collagen I [26]. In our studies, we found increased glomerular diseases and has been implicated in the pro-
gression of glomerulosclerosis leading to the loss of glo-motility of8-deficient mesangial cells compared to wild-
type mesangial cells by transmigration and chemotaxis merular function [29]. Several studies have supported a
role for integrins in the regulation of cell proliferationassays. These results support the notion that 81 could
serve as an antimigratory integrin, keeping mesangial [30, 31]. Some  chains, such as v, 5, or 1 associate
with Shc and caveolin and thereby link integrin signalingcells at rest at their native location. Firm adhesion, as
mediated by 8, inhibits migration in many cell types to the extracellular signal-regulated protein kinase (ERK)
pathway, which leads to cell proliferation [5, 32]. In ac-[4]. Thus, the decreased ability of 8-deficient mesangial
cells to adhere to fibronectin or vitronectin could contrib- cordance with these data, v integrins were found to
promote proliferation of endothelial cells during angio-ute to the increased ability of these cells to migrate.
Interestingly, a potent migratory response to fibronectin genesis [33]. The integrins 51 and 64 regulated ker-
atinocyte cell cycling in an ex vivo culture or in primaraywas described for mesangial cells [27], but the integrin
receptor involved in this process was not identified. A keratinocytes adhering to the respective ligands [34, 35].
In embryonic fibroblasts, proliferation seemed to be pro-promising candidate may be the main fibronectin recep-
tor, 51, as the findings of this study argue against a moted by 11, as 1-deficient fibroblasts revealed a
markedly reduced proliferation rate on collagens in vitrocontribution of81 to the migratory response of mesan-
gial cells on fibronectin. In contrast to our data obtained and 1-deficient mice had a hypocellular dermis [36]. In
contrast, however, overexpression of 11 integrin inin mesangial cells, 8 contributed to migration of neural
crest cells as shown by inhibition studies [28]. The action mesangial cells significantly inhibited cell cycle progres-
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in the regulation of cell growth. Our data suggest that This study was supported by a grant of the Deutsche Forschungsgem-
einschaft, Bonn, Sonderforschungsbereich 423, TP A2, and a Vigonithe 8 integrin chain exerts antiproliferative effects on
grant from the DAAD.mesangial cells. The findings obtained from 293 HEK
cells support the concept of 8 as an antiproliferative Reprint requests to Andrea Hartner, PhD, Nephrologische Forschung-
slabors, Loschgestrasse 8, 91054 Erlangen, Germany.integrin; overexpression of 8 leads to a reduction of
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